Life Cycle Assessment (LCA) provides a methodological framework for evaluating environmental performance over the life cycle of a product, process, or an activity. In Sri Lanka, majority of timber for wood based industries comes from homegardens and Government owned forest plantations. State Timber Corporation (STC) is the authoritative body for timber harvesting in state owned forest plantations. This LCA study was carried out to calculate Greenhouse Gas (GHG) emissions of the STC timber movements from the plantation to the finished product. The study concentrated on teak, eucalypt and mahogany species as they represented fast moving commercial timber of high significance. Assessment boundary was from the harvesting to the product. Updated emission factors were used to calculate the CO 2 eq units. When considering the emissions during the process, the highest was recorded in the sawmilling process (48% from sawing, 9% from surfacing and 9% from drying). The transportation accounted for 31.25% of emissions while harvesting contributed to 6%. Other indirect emissions accounted for 2.75%.
Introduction
Forest ecosystems are important as sinks or sources as a function of their management and condition. It has been estimated that 680×10 6 tCyr -1 is sequestered in forests (Eriksson et al., 2007) . The amount of carbon in soil is globally about twice that in the atmosphere and three times as much as in the vegetation (IPCC, 2001) . Thoughtful environmental professionals have long recognised that environmental loads and impacts do not begin and end with the manufacturing process. Forest harvesting for wood products alters the natural cycle of carbon. On a country scale, harvesting may significantly change the net C sink source balance related to country's forest resources and wood utilization (Winjum et al., 1998) . Harvesting influences the soil organic carbon stock. A decline in soil organic carbon following harvesting is commonly assumed because of decreasing litter input and * : hemanthi.ranasinghe@gmail.com Tel: +94 718538975 ISSN 2235 -9370 Print/ISSN 2235 Online © University of Sri Jayewardenepura possibly an increased decomposition rate. As a consequence, over a period of about two decades, lifecycle assessment (LCA) methodology has been developed with the objective of providing a framework for comprehensive evaluations of resource consumption and environmental emissions associated with the production, use, and disposal of products.
Correspondence
The LCA studies in forestry and forest products sector is very limited especially due to the traditional thinking that forestry is already environmentally friendly due to the biological production and the wide variety of positive ecological and sociological functions of forest ecosystems. However, the use of agrochemicals in plantation establishment, forest harvesting, processing etc. involved in a forest product emits a considerable amount of greenhouse gases and attempts could be made to minimise these emissions using LCA studies. A life cycle analysis for wood begins with the planting to harvesting trees and ends with the disposal of wood products made from those trees. Two parallel and related streams of GHG impacts result directly from the harvesting, processing, use and disposal of wood products. Firstly, carbon is lost at each step of the processing chain due to the physical breakdown of wood, releasing carbon dioxide, methane and other by-products. Secondly, the transportation of wood to mills, transforming into varieties of products and delivery to customers and eventually to landfills (Gower, 2003) .
According to the Forest Inventory Database (FORDATA) of the Forest Department Sri Lanka, forest plantations are distributed over 17 forest divisions, which are largely based on administrative districts, covering all three major climatic zones (i.e., intermediate and dry zones). The database lists 86,363.8 ha of forest plantations in the country. The majority of the forest plantations, except for those in the northern and eastern provinces have been mapped and inventoried. The State Timber Corporation is the official designated entity to harvest these forests. Therefore the main objective of the study was to estimate the greenhouse gas (GHG) emissions of the main processors considering STC as the focal entity using LCA method with a view to provide recommendations for minimising GHG emissions.
Methodology
Three timber species were selected for this study based on the largest plantations, largest timber volume movements and having key commercial value in the state sector. The boundary of the study was from the plantation (harvesting), transport and processing for the finished product. Teak and eucalypt timber came from the state owned plantations located in Anuradhapura, Kurunegala, Kandy, Ampara, Moneragala and Polonnaruwa (for teak) and Nuwara Eliya and Badulla (for eucalypt) while Mahogany logs came from mostly homegardens. Timber stock movements and transportation data of timber species were obtained from STC Regional Timber Depots.
Wood material flow analysis
The flow of the wood material was analysed in each stage of the conversion. Generated waste and the by-products were separately quantified and the process conversions were examined. Wooden biomass was weighted in each stage. Wood volume passed through the process was weighed and the residuals which were separated as left overs, recyclable materials and waste was weighed separately to conduct the wood material flow in selected unit.
Material

GHG emission calculation
Greenhouse gas emissions of the main processors were estimated considering STC as the focal entity and the boundary was harvesting point to the timber depots and the finished product. Figure 1 shows the operational boundary of the study. GHG emissions were estimated in each identified functional unit. Activity data shown in the Table 1 were collected by conducting sample surveys in selected timber depots. The system boundary defines the unit processes to be included in the system. The unit systems included were inputs and outputs in the main manufacturing/processing sequence, distribution/ transportation, production and use of fuels, electricity and heat and manufacture of ancillary materials. CO 2 emission factors were sourced from the Department of Food and Rural Affairs (DEFRA) emission factor data base, the International Energy Agency (2010), the U.S. Environmental Protection Agency Inventories (2008/2013) and the IPCC Guidelines for National Greenhouse Gas Inventories 2006. Updated emission factors were used to calculate the CO 2 eq units. Table 2 shows the global warming potential in each GHG gas according to the fourth assessment report of the IPCCC. Methane and Nitrous Oxide emission factors for grid electricity were derived from the national grid, mix compositions from the Sustainable Energy Authority, Sri Lanka (2013) In addition to that, Emission Factor Data Base (EFDB) software developed by IPCC was used to obtain relevant Emission Factors to calculate GHG sources. Following generalized equation was used to calculate GHG emissions for each identifies emission sources.
Results
Material flow analysis
In the primary processing, logs removed from the harvested sites represented approximately 60% of the total volume, hence the storage carbon. It was estimated that 10% was taken as fuel wood, 5% as leftovers at the harvesting site, 23% at the primary processing stage and 2% at the secondary processing stage.
GHG emissions
When considering the total emissions during the process, 6% emissions were from harvesting while transportation accounted for are approximately 31.25%. Sawmilling was the highest GHG emitting sub process contributing 48% from sawing and 9% from surfacing and 9% was drying. Other indirect emissions accounted for 2.75 % (Figure 2 ). 
Discussion
In the present study, the highest emissions were involved in the timber processing which included sawing (48%), surfacing (9%) and drying (9%) followed by transportation (32%), harvesting (6%) and then other indirect emissions (3%). Results of similar nature were recorded by Peuttmann and Bowyer (2002) in USA where 25% out of the total GHG emissions was due to drying of lumber. This was also endorsed by the findings of Wilson (2005) who reported that up to 92% of the energy in the lumber and veneer manufacture was spent on kiln-drying. In the present study, the total GHG emissions in the drying process was 9% and the main reason for the reduced figure in the present study was that State Timber Corporation use air drying against kiln drying which uses less energy. On average, transportation accounted for the next high GHG emissions in the present study and this could be due to many factors including the distance between the plantation to the depot, the conditions of the vehicles, the lack of transport planning etc. In a study on GHG emissions from the use of primary energy in forest operations and long distance transportation of timber in Finland, Karjalainen and Asikainen (1996) reported that from the total emissions of 424.2 Gg carbon dioxide, forest improvement work accounted for 8%, cutting of timber 13%, haulage 18% and long distance transportation 57%. Findings of the present study were also in agreement with the trend where the emissions from sawmilling and transportation recorded highest compared with harvesting. As the plantation management of the different species was not taken into account, there was no significant differentiation observed between the plant species used in the study.
Conclusion
Use of air drying against kiln drying reduced the emissions significantly. However, the large electricity consumption during the sawmilling sub process increases GHG emissions. The type and condition of the equipment in the sawmills and resorting to cleaner fuels could reduce the GHG emissions in the sawmilling stage. Locating new depots close to existing plantations may reduce the transportation cost significantly and reduce the GHG emissions. 
